In this report, we describe the performance of a conservative and minimally invasive dental approach in four patients exhibiting Amelogenesis Imperfecta (AI), a structural anomaly of the enamel. In each patient, approximately 0.5 mm of the most external, porous, and colored enamel layer was removed, and the teeth were restored using two different nanocomposites. Posterior restorations were completed with the same approach. As a result, this contemporary restorative system is a conservative and successful treatment option to restore the loss of oral esthetics and function due to AI. Rehabilitation with direct resin restorations is not only an inexpensive treatment choice, but also a more conservative technique that reduces the amount of preparation required for teeth that are already compromised.
Introduction
Amelogenesis Imperfecta (AI) is a rare genetic defect in enamel mineralization. AI is characterized by heterogeneity in clinical symptoms, histological appearance, and genetic inheritance. AI occurs in 1 in 14,000 to resistance to fracture [21] [24] [27] . Compared to microhybrid, microfill, or nanohybrid composite systems, nanoclusters provide a distinct reinforcing mechanism and significantly improve strength and reliability [22] .
In this report, we examined the clinical effectiveness of two different nanocomposites, a nanohybrid composite (Clearfil Majesty ES-2) and a nanofilled composite (Filtek Ultimate Body), not only for laminate veneers but also for posterior class I and II restorations, in four adult patients with hypoplastic AI. In addition, we describe a rehabilitation concept based on minimal invasive therapy and conservative treatments.
Case Reports
The case report was approved by the ethics committee at the Human Ethics Committee of University of Kocaeli (KOÜ KAEK 2014/247). Four patients who were referred to the Faculty of Dentistry at the University of Kocaeli were enrolled. All patients suffered from esthetic and functional problems. The diagnosis of hypoplastic AI was based on the genetic inheritance pattern of the disorder and on clinical manifestations based on Witkop's classification ( Table 1 ) [1] [4] . After clinical examination, all four patients were diagnosed with hypoplastic autosomal dominant type AI and pitted subtype with normal enamel thickness and hardness [1] . Radiographic examination substantiated the clinical impression and revealed mild radiolucent areas in deep enamel pits and a relatively thin opaque layer of enamel on the affected teeth. Several family members of all four patients exhibited similar dental symptoms, and three of the four patients were related (Cases 1 and 3 are sisters and Case 2 is their cousin).
The esthetic and functional rehabilitation of all four patients was performed in the Department of Restorative Dentistry of the Faculty of Dentistry at the University of Kocaeli. For composite laminate veneers, minimally invasive dental treatments were performed [19] . Only the most external porous and colored enamel layer was removed to a depth of 0.3 to 0.7 mm (approximately 0.5 mm) and removal remained within the enamel tissue. Clearfil Universal Bond-Clearfil Majesty ES-2 (A2; nanohybrid composite; Kuraray, Japan) or Single Bond Universal-Filtek Ultimate Body (A2; nanofilled composite; 3 M ESPE, USA) were used for composite laminate veneers and posterior class I and II restorations. The composite material to be used was chosen randomly. All preparations, bonding, and composite procedures were applied according to manufacturer's instruction and were placed by same operator. Manufacturers, composition, application mode, and lot number of the materials used are presented in Table 2 .
Case 1
Case 1 was a 19-year-old female patient (B.Y.), who suffered from esthetic and functional inadequacy of maxillary and mandibular permanent teeth, and who presented no abnormal medical history or systemic problems except for AI. Her teeth were discolored slightly yellowish/brown, and had stained, pitted, and hypoplastic enamel. In addition, the enamel appeared hard and shiny (Figure 1) . A complete dental and medical examination was performed on 10 family members, and six of them were diagnosed with AI. Deciduous teeth were also affected by AI. The oral hygiene of Case 1 was good and the gingival tissue was healthy. Caries risk was assessed by examining diet, oral hygiene, and general lifestyle habits. After assessment, Case 1 was placed in a "low risk" category because of the lack of active caries at the time of evaluation [28] . Her primary concerns included excessive tooth sensitivity and esthetic problems with the upper and lower anterior and premolar teeth. Regarding restorative procedures, direct restorations were indicated in accordance with the mild severity of the affected enamel, because the patient was a young individual and was concerned with good oral hygiene and economic, esthetic, and functional outcomes. In the posterior area, resin composites were used with minimal intervention, and, in the anterior area, freehand bonded composite restorations were performed using the same approach [19] [29].
Case 1 had been treated previously with amalgam restorations on teeth 16, 17, 27, 37, 46, and 47 ( Figure 1 ). All old amalgam restorations were replaced with composites, and a root canal treatment was performed and fiber posts were placed on teeth 26 and 36. Tooth 45 was extracted because of its position out of the mandibular arch. The upper canine teeth and lower mandibular third molar teeth were determined to be embedded in bone, and required extraction. The erupted teeth, including the anterior and posterior regions, were of normal dimension and morphology. All teeth showed normal mesial and distal contact, normal occlusion, and a normal angle Class I dental relationship. Open bite and overjet were not observed between the mandible and maxilla. There was no occlusal tooth wear or fractured enamel. The patient's vertical dimension (the vertical distance between the Figure 1 . Clinical view at the first appointment for Case 1.
maxillary and mandibular arches or the intercuspal position at physiologic rest position) was 3 mm; therefore, no increase in the vertical dimension was needed. To verify vertical dimension, a phonetic test was performed, and the functional freeway space was evaluated [30] .
Clinical Procedure
For the treatment of posterior teeth, periapical radiographs of the teeth were taken preoperatively (Figure 1) . If necessary, to prevent patient discomfort during the restorative procedures, local anesthesia was administered. The teeth to be restored were cleaned with a pumice-water slurry in a rubber cup to remove the salivary pellicle and any dental plaque. Isolation was achieved with cotton rolls and saliva ejectors. Cavity preparations were limited to the removal of caries. Cylindrical and/or round diamond burs (SWS diamond burs; lot K46570) were used with a high-speed handpiece and constant water-cooling to access the carious lesion. Carious dentin was removed using carbide burs (Medin tungsten carbide burs; lot 11355011) and a low-speed handpiece. For composite laminate veneers, a minimum chamfer diamond bur was used. The proximal contact area was maintained and, incisally, no preparation was necessary. Facial surfaces of the teeth were prepared by making depth-orientation grooves (0.3 mm in depth) using a depth preparation diamond bur (Diatech, Coltène Whaledent; Altstätten, Switzerland). Facial reduction was continued with a tapered, rounded-end diamond bur until the color was removed from the facial surface. Facial preparation was deepened further when necessary to overcome slight discoloration. All cervical margins were placed equi-gingivally.
A total-etch strategy using 37% phosphoric acid and bonding was applied according to the manufacturers' instruction ( Table 2) . After the bonding procedures, buccal/labial surfaces of upper and lower first premolars were covered with composite restorations by direct procedures. Accordingly, teeth 11, 12, 14, 41, 42, and 43 and posterior restorations of same region were constructed using Clearfil Universal Bond-Clearfil Majesty ES-2 (Figure 2) . Left quadrants composite veneers at teeth 21, 22, 24, 31, 32, and 33 and posterior restorations were constructed using Single Bond Universal/Filtek Ultimate Body.
Each layer composite was cured for 20 s using an LED light curing unit (Elipar S10, 3 M, ESPE, St Paul MN, USA) having a minimal output of 1200 mW/cm 2 . The light intensity output was monitored using a dental radiometer (Hilux Ledmax Light Curing Meter, Benlioğlu Dental Inc., Ankara, Turkey). Final countering and finishing of the restorations were performed using polishing points (PoGo, Dentisply), flexible discs, and finishing strips (Sof-Lex, 3 M ESPE, St Paul MN, USA). Clinical view of restorations after one year is presented in Figure 3 . Fracture was observed on right maxillary first premolar at the end of one year (Figure 4 ).
Case 2
Case 2 was a 17-year-old female patient (D.Y.) with esthetic inadequacy of the anterior teeth. She had slightly yellowish/brown and stained, pitted, and hypoplastic enamel ( Figure 5) . The enamel appeared hard and shiny. The patient was the cousin of Case 1, and most enamel structure was similar to that of Case 1 with only low severity. There was no occlusal tooth wear, fractured enamel, or tooth sensitivity. Case 2 had small enamel and superficial dentin caries, and 2 old amalgam restorations on molar teeth 46 and 47. The erupted teeth, including the anterior and posterior region, were of normal dimension and morphology, and all teeth showed normal mesial and distal contact, normal occlusion, and normal angle Class I dental relationships. Open bite and overjet were not observed between the mandible and maxilla. The patient's vertical dimension was normal. Oral hygiene was good, and the gingival tissue was healthy ( Figure 5) .
Composite veneers in the upper and lower right quadrants at teeth 11, 12, 13, 41, 42, and 43, and posterior restorations of same region were constructed using Clearfil Universal Bond-Clearfil Majesty ES-2 ( Figure 6 ). Left quadrants composite veneers at teeth 21, 22, 23, 31, 32, and 33, and posterior restorations were constructed using Single Bond Universal/Filtek Ultimate Body (Figure 6 ). Resin composites were performed in the posterior area and freehand bonded composite restorations in the anterior area were performed as in Case 1. Clinical view of restorations after one year is presented in Figure 7 . Fracture was observed on mandibular right lateral incisor at the end of one year (Figure 8 ).
Case 3
Case 3 was a 17-year-old female patient (G.Y.) who presented no abnormal medical history or systemic problems except for AI. She was a sister of Case 1. A diagnosis of hypoplastic AI was made as in Case 1. She had slightly yellowish/brown and stained, pitted, and hypoplastic enamel (Figure 9) . The enamel appeared hard and shiny. There was no occlusal tooth wear, fractured enamel, or tooth sensitivity. The patient's vertical dimension was normal. Oral hygiene was good and the gingival tissue was healthy. Caries risk was assessed as a "low risk". Her primary concerns included esthetic failure of the upper anterior region teeth. No orthodontic treatment was performed because the patient refused to wear brackets.
Case 3 had small enamel and superficial dentin caries on molar teeth. Composite veneers in upper right quadrants at teeth 11 and 12 and posterior restorations of same region were constructed using Clearfil Universal Bond-Clearfil Majesty ES-2 (Figure 10) . Left quadrants composite veneers at teeth 21 and 22 and posterior restorations were constructed using Single Bond Universal/Filtek Ultimate Body. Conservative resin composites were performed in the posterior area and freehand bonded composite restorations in the anterior area were per- 
Case 4
Case 4 was a healthy 30-year-old female (H.F.) who presented AI and required complex management. Her main initial concern was extensively carious posterior teeth, a sensitivity to hot and cold, and dissatisfaction with the appearance of the anterior teeth, especially those with pitted hypoplastic enamel (Figure 12) . According to anamnesis, her twin sister, father, grandfather, and cousins had similar tooth structure similar to hypoplastic AI. She had no abnormal medical history or systemic problems. There was minimal occlusal tooth wear, without exposed dentin. Premature loss of vertical dimension, open-bite, overjet, and diastema were not observed. Case 4 had poor oral hygiene with moderate to severe plaque accumulation, which caused generalized gingivitis, ex-tensive caries, and several unsatisfactory restorations. She wanted to improve the appearance of her anterior teeth, especially those that were brown and stained with pitted, hypoplastic enamel.
Clinical examination revealed the presence of hypoplasia in the form of grooves, lines, pigmented pits, and areas with thin enamel. There were diffuse opacities, teeth with shape and color alterations, and areas with fractured enamel. The posterior teeth presented open cavities and fractured amalgam restorations. She had previously been treated with amalgam restorations on teeth 15, 35, 45, and 47, which were replaced with composite. Teeth 16, 17, and 37 had root canal treatment. Tooth 18 was determined to require extraction, and teeth 25, 26, 27, 28, 38, and 48 were restored with composite. Tooth 31 was already extracted approximately one year previous, and tooth 41 was determined to require extraction because of insufficient bone support. Prosthetic treatments were planned for teeth 33 and 43.
Upper composite laminate veneers (between teeth 14 -24) and posterior restorations were placed in upper right quadrants using Clearfil Universal Bond-Clearfil Majesty ES-2 ( Figure 13) . Left quadrants were treated using Single Bond Universal-Filtek Ultimate Body (Figure 13) . Resin composites were performed in the posterior area and freehand bonded composite restorations in the anterior area were performed as in Case 1. Clinical view of restorations after one year is presented in Figure 14 . 
Discussion
In this report, the diagnosis of hypoplastic AI was made based on the Witkop's classification [1] . Although this is the most widely used classification, the clinical heterogeneity of AI makes an accurate diagnosis difficult because of the lack of objective radiographic and clinical criteria [6] . Classification is usually based on the enamel defect and the mode of inheritance pattern and phenotype in the family [14] . In the present report, we diagnosed AI via the inheritance pattern, the hard and shiny appearance of the enamel, and the specific pitting structure of enamel. In addition, the region of pits showed yellowish brown colors, and the patients have impacted teeth.
An important aspect of this report is that all treatments were based exclusively on adhesive technology, and followed the principle of minimal invasiveness. Nanohybrid (Clearfil Majesty ES-2) and nanofilled (Filtek Ultimate Body) composites were used in the anterior composite laminate veneers and in the posterior restorations. The results using nanocomposite materials at the anterior and posterior regions in the AI patients were successful at the immediate term in this case report. Consistent with our results, Sabatini et al. [13] reported that, with proper isolation and careful handling, direct-bonded resin composite restorations provide an excellent conservative treatment for the protection of teeth weakened because of AI.
Studies have shown that posterior restorations require composites with greater mechanical properties, while anterior restorations require composites with superior esthetics. Karabela et al. [31] reported that a resin composite that meets all the requirements of both posterior and anterior restorations has not emerged. However, according to Moszner and Klapdohr [24] , and Turssi et al. [32] , dental nanocomposites combine the good mechanical strength of the hybrid composites and the superior polishing property of the microfilled composites.
Only a few laboratory or clinical studies have investigated the bonding effectiveness of dentin bonding agents to AI affected teeth because of the limited number of extracted teeth or the limited number of patients with AI. Faria-e-Silva et al. [33] reported that higher bond strengths are obtained to normal tooth tissues than to hypomineralized teeth affected by AI. William et al. [34] reported that the microshear bond strength of resin composite bonded to hypomineralized enamel was significantly lower than that to normal enamel for Single Bond and Clearfil SE Bond. Both laboratory studies used hypomineralized AI specimens, whereas, all four patients enrolled in this study were diagnosed as hypoplastic AI. In the hypomineralized AI, calcification of the organic matrix is deficient. However, in hypoplastic AI, the enamel is correctly mineralized, but there is a deficiency in the quantity of enamel [13] . Thus, the results of the studies may not correlate with our results. Yaman et al. [35] reported that Clearfil SE Bond exhibited 29.24 MPa in normal enamel and 18.21 MPa microtensile bond strength in hypoplastic enamel. In addition, they reported that Adper Single Bond 2 showed 31.59 MPa in normal enamel and 19.63 MPa in hypoplastic enamel [35] . In the present study, we removed approximately 0.5 mm of the external layer (AI affected layer) of the anterior teeth to reach layers of healthy tissue that could ensure good adhesion. Furthermore, the bond strength values may depend on the severity of the defect. The four cases enrolled in the current report showed only mild severity of hypoplastic AI. The mild severity was also confirmed with intra and extra oral radiographic examination to determine differences in enamel and dentin hard tissue contrast.
Two different Universal Bonding agents were used in treatments that are produced by the same manufacturers as the composites. Universal adhesives represent recent generation of adhesives in the market. They were designed under the all-in-one concept of existing one-step self-etch adhesives, but are also offered to clinicians to use in different etch and rinse modes. These simplified self-etch universal adhesives are ultra-mild systems that do not disturb the inorganic component of enamel. However, etching enamel with phosphoric acid is often recommended [36] . Studies have reported that the preliminary etching of ground enamel prior to application of bonding significantly increases the bond strength of the adhesives [36] [37] . Muñoz et al. [37] reported that the microtensile bond strength (μTBS) of Scotchbond Universal and All Bond Universal were 35.1 and 39.3 MPa, respectively, in etch and rinse mode, but 32.4 and 13.4 MPa, respectively, in self etch mode. Therefore, to provide better bonding in the enamel tissue, we used both universal bonding agents in a total etch strategy. Nevertheless, marginal leakage on central incisor was determined after one year for Case 3.
Conclusion
In these cases, we used minimal invasive operative care in all restorations of four patients affected by AI. The principles of treatments and the selection of materials were planned for minimal intervention. The final restorations exhibited not only good esthetics, but also a return to optimal function, as well as providing complete cov-erage of all affected areas. These restorations not only addressed the patients' hypersensitivity issue, but the patients' concerns of esthetic appearance. Careful consideration of a patient's expectations and conditions is critical for successful treatment and to achieve patient satisfaction.
